Background: Organ failure determines outcome in acute pancreatitis (AP). It is controversial if infected pancreatic necrosis (IPN) is also an independent determinant of mortality. We hypothesized that the predictors of mortality in AP might have changed with advances in management and consequent decline in mortality over the past decades. Our objective was to study the predictors of mortality in patients with AP.
Introduction
Acute pancreatitis (AP) is a potentially fatal disease with a reported incidence varying from 12 to 38 per 100,000 population 1, 2 . AP could either be interstitial or complicated by pancreatic and/or peri-pancreatic necrosis. Necrotic tissue and associated fluid collection(s), though initially sterile, may become infected in up to 40% of cases 3 . AP has a variable course of illness with most patients having a mild self-limiting disease. The mortality in AP ranges from 4 to 25% [4] [5] [6] . There are 2 peaks of severity of AP; an early peak associated with up to 50% of all deaths during first 2 weeks of illness and a late peak due to infected necrosis-induced sepsis 7 . The factors underlying the differences in clinical course and outcome in patients with AP need to be identified for reducing the mortality. In this regard, IPN and organ failure have been considered as important determinants of outcome 8 . Previous studies, including from our center, have shown IPN as an independent predictor of outcome in AP 4, 8 . However, the management of AP has evolved over the past decades with primary conservative and minimally invasive approaches preferred over open surgical necrosectomy [9] [10] [11] . We have shown that severity adjusted mortality has decreased over time with a change in management approach 12 . Whether or not the predictors of outcome have changed in view of the evolving treatment strategies is, however, not clear. In the present study, our objective was to examine the predictors of mortality in patients with AP who were managed with the current standard of care.
Methods

Patients
In this prospective, single-center observational cohort study, all consecutive patients hospitalized to our center with a first episode of AP from January 2015 to December 2016 were included. We excluded patients with chronic pancreatitis, recurrent acute pancreatitis, those with onset of AP 3 months before hospitalization and those refusing consent. Institutional ethical approval was obtained (AIIMS: IESC/T-253).
Definitions
Acute pancreatitis
AP was diagnosed if two of the following three criteria were present: acute abdominal pain, serum amylase and/ or lipase activity > 3 times the upper limit of normal, and characteristic findings of AP on trans-abdominal ultrasonography (USG)/computed tomography (CT) scan/ magnetic resonance imaging (MRI) of the abdomen.
Severity of acute pancreatitis
The severity of AP was defined as per the revised Atlanta classification 13 as follows: Mild acute pancreatitis: if there was no organ failure, and no local or systemic complications.
Moderately severe acute pancreatitis: if there was transient organ failure and/or local complications.
Severe acute pancreatitis: if there was persistent organ failure (>48 h) with a score of 2 or more using the modified Marshall scoring system 14 
.
Early severe acute pancreatitis (ESAP) was defined as development of organ failure within 7 days of onset of acute pancreatitis 5 .
Charlson co-morbidity index 15 was used to record and stratify co-morbidities.
Pancreatic necrosis Pancreatic necrosis was diagnosed as non-enhancing areas of the pancreas on a contrast enhanced CT (CECT) scan. The amount of pancreatic necrosis was graded as <30%, 30-50% and >50%. A CT severity score was calculated according to Balthazar et al 16 .
IPN was suspected when a patient with necrotizing pancreatitis developed persistent fever of >38°C beyond the first week of illness without any other focus of sepsis along with leukocytosis and deterioration in clinical condition. The diagnosis of IPN was confirmed when pancreatic necrotic tissue/fluid showed presence of bacteria on culture or if there was presence of extraintestinal air in the pancreatic bed on abdominal CT scan. Culture sensitivity of the organism from the sample collected during the first intervention procedure is being reported.
Multidrug-resistant (MDR) infection was defined if the organism was resistant to at least one antimicrobial agent in three or more antimicrobial categories. Methicillin resistant staphylococcus aureus was considered MDR irrespective of resistance to other antimicrobials.
Extensively drug-resistant organisms (XDR) was defined when the organism was resistant to at least one antimicrobial agent in all except 2 antimicrobial categories which are considered effective against it 17 . The details of culture techniques are described in supplementary appendix.
Extra-pancreatic infection Extra-pancreatic infection was defined as documented infection at any extrapancreatic site such as pneumonia, urinary tract infection, and cholangitis during hospitalization.
Laboratory investigations
Standard lab investigations were done in all subjects that included complete blood count, liver and renal function tests, electrolytes, blood gases and pH, USG of the abdomen and a chest X-ray. A CECT scan of the abdomen was done primarily to assess the severity and complications of pancreatitis as and when clinically indicated.
Management of patients
All patients were managed according to a predefined management protocol 10 . They were treated conservatively with analgesics, intravenous fluids, and supportive treatment. Antibiotics were prescribed if: (a) patients had infected necrosis, (b) there was documented infection at extra-pancreatic sites such as cholangitis, and (c) patients had signs of sepsis in the form of fever and leukocytosis even in the absence of documented infection, provided the fever persisted for more than 2 days. The antibiotics chosen were according to the culture and sensitivity report whenever available. In the absence of a sensitivity report, a broad-spectrum antibiotic was used. Patients with clinically severe acute pancreatitis were treated in an intensive care unit with all possible organ support systems, including ventilatory support, vasopressors, and dialysis as and when required. Those with sterile necrosis were continued on conservative management. Patients with IPN were treated with a conservative first approach followed by percutaneous drainage (PCD) of the collections 9 . If there was no improvement in sepsis, necrosectomy was done. It was delayed at least beyond 4 weeks and achieved preferably by a minimally invasive technique either by video-assisted retroperitoneal debridement or endoscopic necrosectomy 18 . The decision about the choice of therapy was taken in consultation with a multidisciplinary team comprising of a gastroenterologist, radiologist and gastrointestinal surgeon.
Statistical analysis
The baseline data were recorded as mean + /-SD or median (range) as appropriate. Chi square test was used to compare the 2 groups for categorical variables and Student's t test was used for continuous variables with normal distribution while Wilcoxon-Mann-Whitney U test was used for continuous variables without normal distribution. A p value of <0.05 was considered statistically significant. Univariable and multivariable regression analyses were done with mortality as the dependent variable and predefined prognostic factors as independent variables, which included age, sex, etiology, Charlson comorbidity index, APACHE II score at admission, referral status, prophylactic antibiotic use, delay in admission, intervention prior to transfer, persistent OF, modified CT severity index (CTSI), infected pancreatic necrosis, infection due to MDR organism, fungal infection, extrapancreatic infection, air in collection prior to intervention and type of collection (acute necrotic collection vs. walled off necrosis).Variables with a p value <0.1 on univariable analysis were considered for multivariable analysis. Odds ratio (OR) with 95% confidence interval (95% CI) was calculated. A CECT scan was not done in 70 patients. For the purpose of analysis, 43 of these 70 patients with mild AP were assumed to have interstitial pancreatitis and 27 patients with severe AP were excluded from the analysis. Receiver operating characteristic (ROC) curve was plotted between sensitivity and 1-specificity for prediction of outcome by variables.
Results
A total of 236 patients with AP were hospitalized to our institution from January 2015 to December 2016; 27 patients with severe AP who did not undergo a CECT scan were excluded from the analysis, and thus 209 patients formed the study cohort ( Fig. 1) . 
Baseline demographic characteristics
The mean age of our patients was 40.2 ± 14.1 years; 61% were male (Table 1) . There was no difference in age and sex between survivors and non-survivors. 145/209 (69%) of our patients were referred from other hospitals with a median delay of 8 (1-90) days.
The most common etiology of AP was gallstones in 51% followed by alcohol in 24%, idiopathic in 16% and miscellaneous in 9% of patients. There was no difference in the etiology of AP between survivors and non-survivors.
Severity of AP
Of the 209 patients, 56 (27%) had mild pancreatitis, 72 (34%) had moderately severe acute pancreatitis and 81 (39%) had severe AP. Among patients with severe AP, 58 (72%) had early severe AP (ESAP) and 23 (28%) had late OF associated with IPN. The median APACHE II score was 6 (0-28) and median Marshall score was 0 (0-7) at admission. Twenty-four (11%) patients had Charlson co-morbidity index (corrected for age) of >2. 
Pancreatic necrosis
A CECT of the abdomen was done in 166 (80%) patients. Of these, 143 (86%) had necrotizing pancreatitis. In necrotizing pancreatitis subgroup, < 30%, 30-50%, and >50% pancreatic necrosis was present in 31 (22%), 36 (25%), 76 (53%) patients, respectively and the median modified CTSI was 8 (0-10).
Infected pancreatic necrosis
IPN developed in 108/209 (52%) patients in our cohort. Extra-pancreatic infections were seen in 14% (29/209) of patients with chest infection being the most common (25/ 29, 86%) followed by urinary tract infection (2/29), cholangitis (1/29) and infected ascites (1/29).
Microbiological profile of patients with IPN
Eighty-seven out of 108 (81%) patients had culture positive IPN and 86% of cultures grew MDR organism(s). Fungal infection was present in 13% (27/209) of patients. Seventy-five out of 87 (86%) patients had Gramnegative bacteria. Poly-microbial infection was seen in 44/ 87 (51%) patients. The most common Gram-negative bacterium was Escherichia coli in 48/149 (32%) isolates and most common Gram-positive bacterium was Enterococcus faecium in 10/149 (7%) isolates (Table 2 ). 64 out of 149 (42%) isolates were XDR isolates in 58/209 (25%) patients. Patients who died had a higher rate of XDR organisms compared to those who survived (59% vs. 15%, p = 0.001). Of the 144 patients referred to our center, 65 (44%) had received prophylactic antibiotics in the 1st week of illness; 97 of the 144 patients developed IPN. Among those who received prophylactic antibiotics, the rate of isolation of MDR organisms was not significantly different from those who did not receive prophylactic antibiotics (70% vs. 66%) (p = 0.5). Only 10 patients had an intervention in the form of percutaneous drainage prior to referral which did not influence the development of MDR infection. The proportion of MDR organisms in patients who underwent PCD ≤ 4 weeks and those > 4 weeks after the onset of AP was similar i.e. 43/50 (61%) vs. 28/38 (73%), respectively (p = 0.2).
Management of patients with IPN
Of the 108 patients who developed IPN, 15 (14%) were managed conservatively with antibiotics alone, 37 (34%) were treated with antibiotics plus PCD, 34 (32%) underwent percutaneous endoscopic necrosectomy (PEN) after PCD, one underwent per-oral endoscopic necrosectomy, and 27 (25%) underwent surgical necrosectomy -16 after PCD alone, 6 after PEN and 5 direct surgery. Two patients underwent surgery for complications: one for colonic perforation and another for endoscopic cystogastrostomy induced bleeding. The mean time to first intervention i.e. PCD was 32 ± 23 days and the mean time to next intervention (necrosectomy) was 55 ± 27 days from the onset of AP.
Mortality
The overall mortality was 22%. All the 56 patients with mild AP survived, 4 of 72 (5%) patients with MSAP died and 42 of the 81(52%) patients with severe AP died (p = 0.001). Among patients with severe AP, patients with ESAP had a mortality of 43%. Of these patients with ESAP, 46 (79%) had single OF, 12 (21%) had 2 OF with higher mortality in those with multiple OF. There was no difference among patients outcome according to the type of OF. Among 15 patients with IPN managed conservatively, all survived; 19 of 37 patients treated with antibiotics and PCD died; they did not undergo necrosectomy because either they were too sick with persistent organ failure and/or had no major drainable collections. Five patients died after PEN and 15 patients died after surgery.
Of the 209 patients, 45 (22%) with ESAP and IPN (the so-called critical AP) had a mortality of 47% (21/45 patients), which was similar to the mortality in patients with ESAP alone (4/13, 30.7%). There was a trend towards a higher mortality among patients with infected acute necrotic collections (ANC) (42%, 26/62) compared with infected walled off necrosis (33%, 13/46) but the difference was not statistically significant [p = 0.18]. 
Primary outcome measure: Predictors of mortality Univariable analysis
On univariable analysis, patient referred from other institutes, delay in presentation from onset of AP, prophylactic antibiotic use,Charlson co-morbidity index >2, APACHE II at admission of >9, persistent OF, modified CTSI > 8, pancreatic necrosis > 30%, air in the collection prior to intervention, infected pancreatic necrosis, infection due to MDR organism, infection due to XDR organisms, fungal infection and extra-pancreatic infection were predictors of mortality. CCI > 2 was present in only 13% of our patients. Since the co-morbidities were already included in the APACHE II score, CCI was not considered in the multivariable analysis.Variables found significant on univariable analysis (p < 0.1) i.e., referral status of patient, prophylactic antibiotic use, OF, IPN, air in collection prior to intervention, extra-pancreatic infection, MDR organism, fungal infection, were included in multivariable analysis. We did not include delay in presentation, APACHE II, early OF, CTSI, infection with XDR organisms, presence of pancreatic necrosis, surgical intervention and need for any intervention due to multicollinearity.
Multivariable analysis
On step wise regression analysis, only persistent OF (OR 19; 95% CI: 6.1-59.8) and IPN complicated by MDR organisms (OR 8.4; 95% CI: 3.1-22.5) were independent predictors of mortality (Table 3) . IPN per se did not turn out to be an independent predictor of mortality (OR 2; 95% CI: 0.4-9.5).
Discussion
Acute pancreatitis is associated with significant morbidity and mortality particularly in patients with severe acute pancreatitis 5 . According to the revised Atlanta classification 13 , presence of organ failure defines severe AP. Organ failure is thus considered a sine quo non of severity. Two major determinants of mortality in acute pancreatitis are organ failure and infected pancreatic necrosis (IPN). The revised Atlanta classification does not consider infected necrosis alone as a criterion for severe AP. The management of AP has undergone a significant change over the past several years. In particular, the management of infected pancreatic necrosis has evolved from surgical necrosectomy in all patients to conservative first approach that entails a step-up treatment involving antibiotics, percutaneous drainage and only if required, necrosectomy 9, 10 . With the changing management strategy, the outcome of AP is improving. We have previously shown a reduction in severity adjusted mortality over a time period of 16 years 12 . The major changes in the management of AP have been in the treatment approach to IPN. The practice of early surgery, open surgical necrosectomy and multiple operations has largely been replaced by a delayed and minimally invasive approach. It is therefore important to understand if IPN still remains a major determinant of outcome.
The present prospective study has shown that the most important independent predictors of mortality are -persistent OF and IPN complicated by MDR organisms. Early-onset OF develops due to an exaggerated proinflammatory host response to injury, leading to a high mortality. Early severe acute pancreatitis (ESAP) develops at a time when the local injury is evolving and pancreatic necrosis is setting in. We and others have shown that patients with ESAP, particularly those with fulminant pancreatitis, have a high mortality early in the course of AP 5, 19 . Although improvements in critical care might have resulted in some reduction in mortality, the outcome of patients with multi-organ failure still remains poor. Until targeted therapy aimed at controlling severe systemic inflammation is developed, significant reduction in mortality is unlikely with supportive care alone.
Necrotizing pancreatitis is known to be associated with a worse outcome compared with interstitial pancreatitis 20 . The extent of necrosis has been correlated with organ failure and mortality. In a previous study, all of the 37 patients with organ failure had necrosis on CECT scan 4 .
In the present study too, of the 58 patients with organ failure who had a CECT done, all had necrosis. Pancreatic and extra-pancreatic necrosis is not only a marker of the severity of the local injury, it also predisposes to further complications such as infection, pseudoaneurysm, and bowel fistula. Furthermore, it has now been shown to worsen systemic inflammation and organ failure due to release of unsaturated fatty acids 21 . The present study has shown that complicated IPN was a major determinant of outcome. Surprisingly, IPN itself did not come out as an independent predictor of mortality in the present study unlike previous data from our own and other centers 4, 8 .
However, a few other recent studies have also not found IPN as an independent predictor of mortality in AP 20, 22 . Infection with MDR organisms in IPN turned out to be an important factor for mortality. This may look contradictory at first but on closer look it reflects the reality of the present day management of patients with IPN. It has been shown that a conservative first strategy with supportive treatment, antibiotics, and percutaneous drainage resulted in improved outcome of patients with IPN [9] [10] [11] . In the present study also, 15 patients with either confirmed or suspected IPN could be treated successfully with antibiotics alone and 50% of patients who underwent PCD improved without additional treatment. In addition, minimally invasive treatment in the form of percutaneous endoscopic necrosectomy led to satisfactory results in patients requiring necrosectomy. These measures have improved the prognosis of patients with IPN. We believe that IPN per se did not come out as a predictor of mortality due to conservative first and minimally invasive approach. On the other hand, infection with MDR organism emerged as an important factor, leading to what we have termed as 'complicated IPN'. Infection with MDR organisms is a growing threat and there is an urgent need to curb its menace. Increasing use of prophylactic antibiotics such as carbipenem and third generation cephalosporins has resulted in more resistant infections. In fact, 65 out of 144 (44%) patients had received prophylactic antibiotics before referral to our hospital. The proportion of patients with resistant infections is increasing over the years and there is an alarming increase in community acquired MDR strain in both developing [23] [24] [25] and developed countries 26 . Late referral to a tertiary care center is another factor that compounds the problem.
Lee et al. 27 found MDR isolates in 29/46 (63%) patients with IPN without any significant difference in mortality in those with MDR infection than those without it. Similar to our findings, a recent study from our institution which looked at the microbiological profile in pancreatic and extra-pancreatic infections among patients with AP found MDR infection in 164/189 (87%) patients with IPN and XDR infection in 94/189 (49%) of isolates 28 . The objective of the present study was to examine the predictors of mortality in patients with AP who were managed with the current standard of care and MDR infection was found to be an independent predictor of mortality.
The difference between the present study and the prior studies is that we demonstrate for the first time that it is the infection with MDR organisms and not IPN per se that is an independent predictor of mortality in our patients. This finding has important implication for the management of patients with IPN.
There are some limitations of our study. The duration of antibiotic exposure could have influenced the emergence of MDR organisms. Most patients with acute necrotizing pancreatitis receive prophylactic or therapeutic antibiotics. We had shown previously that 67% of patients had received prophylactic antibiotics in a multicenter study which was similar to reports from other centers 29, 30 . In addition, all patients with suspected or proven infected collections receive antibiotics. Since the majority of patients were referred to our tertiary care center after a delay, we do not have precise duration of antibiotic exposure from onset of pancreatitis to drainage. Another reason for emergence of MDR organisms could be inadequate source control in our patients resulting in prolonged exposure to antibiotics. Although PCD was done as early as required and necrosectomy was undertaken as dictated clinically, it is possible that our approach was not as effective as would have been ideal. An important reason for the sub-optimal outcome however could be late referral from other hospitals.
Thus, we conclude that persistent OF and 'complicated IPN' due to infection with MDR organism were independent predictors of mortality in patients with AP. Renewed efforts to prevent MDR infection and use of antibiotic stewardship programs are of paramount importance if mortality from this condition is to be reduced further.
Study Highlights
What is current knowledge? ✓Organ failure is a determinant of outcome in acute pancreatitis.
✓Infected pancreatic necrosis alone as a determinant of mortality in acute pancreatitis is controversial.
✓It is unclear whether predictors of mortality in acute pancreatitis have changed with evolving management strategies.
What are the new findings ✓Persistent organ failure is an independent predictor of mortality in AP ✓Infected pancreatic necrosis complicated by MDR organisms was found to be an independent predictor of mortality.
✓Infected pancreatic necrosis per se was not found to be an independent predictor of mortality in acute pancreatitis.
